The Mycobacterium tuberculosis KatG enzyme, like most hydroperoxidase I (HPI)-type catalases, consists of two related domains, each with strong similarity to the yeast cytochrome c peroxidase. The catalase-peroxidase activity is associated with the amino-terminal domain but currently no definite function has been assigned to the carboxy-terminal domain, although it may play a role in substrate binding. This paper reports another possible function of the KatG protein involving protection of the host cell against DNAdamaging agents. The M. tuberculosis katG gene, the 5' domain and the 3' domain were cloned separately, in-frame with the maltose-binding protein, into the vector pMALc2. These constructs were introduced into four DNArepair mutants of Escherichia coli, DK1 ( r e d ) , AB1884 (uvrC), A61885 (uvrf3) and AB1886 (uvrA), which were then tested for their ability to survive treatment with UV light (254 nm), hydrogen peroxide (1.6 mg ml-l) and mitomycin C (6 pg ml-l). All three constructs conferred resistance to UV upon the r e d E. coli cells, whereas resistance to mitomycin C was found in all repair mutants tested. Protection against hydrogen peroxide damage was less pronounced and predominantly found in the r e d host. These results indicated that the M. tuberculosis katG gene can enhance DNA repair in E. coli, and that the 5' and 3' domains can function separately. UV sensitivity tests on Mycobacterium intracellulare and M. tuberculosis strains mutant in katG revealed that the katG gene product does not play an additive role in the survival of mycobacterial cells after exposure to short-wavelength UV irradiation, in repair-competent cells. encodes a dual-function catalase-peroxidase enzyme which protects the organism against hydrogen peroxide and thus contributes to its survival in macrophages (Middlebrook & Cohn, 1953; Mitchison et al., 1960; Jackett et al., 1978; Wilson et al., 1995; Heym et al., 1997) . M . tuberculosis KatG also plays an important role in susceptibility of the organism to the front-line antituberculosis drug, isoniazid (INH) (Middlebrook, 1954; Winder, 1960; Zhang et al., 1992; Heym et al., 1993; Stoeckle et al., 1993; Altamirano et al., 1994; Rouse & Morris, 1995 Repair of damaged DNA is also expected to be an important factor involved in the survival of mycobacteria in macrophages. DNA repair has been extensively studied in Escherichia coli and found t o be complex, involving a number of specialized proteins and pathways, including the SOS response and genetic recombination (Friedberg et a/., 1995) . However, relatively little is known about these systems in mycobacteria. It has been shown that there is an SOS response system active in M . tuberculosis (Durbach et al., 1997; Movahedzadeh et al., 1997a, b ; Papavinasasundaram et ul., 1997). T h e lexA repressor has been implicated in the induction of a recA gene in Mycobacterizrm smegmatis (Durbach et al., 1997). T h e M . tuberczrlosis genome data have recently been analysed with respect to genes involved in DNA repair (Mizrahi & Andersen, 1998); homologues for nucleotide excision repair, base excision repair and SOS repair and mutagenesis were present.
INTRODUCTION
Mycobacterium tuberculosis is an intracellular pathogen that survives host macrophage bacterial killing mechanisms, including DNA-damaging agents such as peroxide and nitric oxide. The M . tuberculosis katG gene Abbreviations: ADC, albumin dextrose catalase; EMS, ethyl methanesulfonate; HPI, hydroperoxidase I; INH, isoniazid; MBP, maltose-binding protein.
The GenBanWEMBUDDBJ accession number for the sequence reported in this paper is L14268.
encodes a dual-function catalase-peroxidase enzyme which protects the organism against hydrogen peroxide and thus contributes to its survival in macrophages (Middlebrook & Cohn, 1953; Mitchison et al., 1960; Jackett et al., 1978; Wilson et al., 1995; Heym et al., 1997) . M . tuberculosis KatG also plays an important role in susceptibility of the organism to the front-line antituberculosis drug, isoniazid (INH) (Middlebrook, M . tuberculosis KatG enzyme consists of two related domains, each with strong similarity to the yeast cytochrome c peroxidase. Both the catalase and peroxidase activities are associated with the amino-terminal domain (Welinder, 1991 (Welinder, , 1992 , but currently no definite function has been assigned to the carboxy-terminal domain, :ilthough it may play 3 role in substrate binding.
Deletion of the 3' end of the gene results in loss of enzyme activity and in resistance to I N H (Zhang et al., 1992) .
Repair of damaged DNA is also expected to be an important factor involved in the survival of mycobacteria in macrophages. DNA repair has been extensively studied in Escherichia coli and found t o be complex, involving a number of specialized proteins and pathways, including the SOS response and genetic recombination (Friedberg et a/., 1995) . However, relatively little is known about these systems in mycobacteria. It has been shown that there is an SOS response system active in M . tuberculosis (Durbach et al., 1997; Movahedzadeh et al., 1997a, b ; Papavinasasundaram et ul., 1997) . T h e lexA repressor has been implicated in the induction of a recA gene in Mycobacterizrm smegmatis (Durbach et al., 1997) . T h e M . tuberczrlosis genome data have recently been analysed with respect to genes involved in DNA repair (Mizrahi & Andersen, 1998) ; homologues for nucleotide excision repair, base excision repair and SOS repair and mutagenesis were present.
Notably, however, genes involved in mismatch repair were absent.
T h e recA genes from a number of mycobacteria have been cloned and sequenced (Davis et al., 1991) . These genes have an unusual structure in the major mycobacterial pathogens, Mvcobacterium leprae and M . tuberculosis. In these organisms the genes encode an additional protein element, an intein, which is spliced out after translation to produce the mature, functional protein (Davis et al., 1991 (Davis et al., , 1994 . T h e protein, although it reacts with antibodies to the E. coli RecA, differs from the latter protein in certain properties. T h e M. tuberculosis protein is defective in displacing singlestranded binding protein (SSBP) from ssDNA, and has a reduced affinity for, and reduced ability to hydrolyse, ATP. It also shows significant differences in its requirements for binding to DNA, and in the formation of joint molecules (Davis et al., 1991) .
Another important determinant involved in the survival of cells exposed to agents that cause oxidative damage is the oxyR gene. In M . tuberculosis, this gene is naturally mutated (Deretic et nl., 1995; Sherman et al., 1995; Dhandayuthapani et al., 1996) . This, together with the unusual nature of the recA gene, suggests that the pathways and mechanisnis of DNA repair in this organism may differ from those in other, well-characterized bacteria. These unusual features may also contribute to the virulence of M. tuberculosis.
We report here on the involvement of the M . tuberculosis katG gene in protection of DNA-repairdeficient E. coli mutants against DNA-damaging agents.
Heterologous hosts were used since there are no defined M . tuberculosis DNA-repair mutants. T h e M . tuberculosis katG gene, the 5' domain and the 3' domain were cloned separately, in-frame with the maltose-binding protein, in the vector pMAL-c2 (New England Biolabs). These constructs were introduced into four different DNA-repair mutants of E. coli, which were tested for their ability to survive exposure to UV light, hydrogen peroxide and mitomycin C.
METHODS
Bacterial strains, culture conditions and transformation methods. The source and characteristics of the strains used in this study are summarized in Table 1 . E. cofi UM255 was used as the cloning host and for the analysis of enzyme activity. E. coli cells were grown in 2YT broth (Miller, 1972) at 37 "C with shaking and plated on 2YT agar plates. The cells were made competent using dimethyl sulfoxide (Chung & Miller, 1988) , and transformants were plated on agar plates containing 50 pg ampicillin ml-' and, where necessary, 0.3 m M IPTG and 100 pg X-Gal ml-I. The mycobacterial strains were grown in Middlebrook 7H9 medium supplemented with albumin, dextrose, catalase (ADC) and Tween 80, and plated on Middlebrook-ADC agar plates containing 0.01 O/o (w/v) cycloheximide.
DNA manipulations. DNA isolation and manipulations were carried o u t using standard techniques (Sambrook et af., 1989) . Sequencing of double-stranded DNA was performed by the dideoxy chain-termination method (Sanger et af., 1977) using the Sequenase 2.0 (USB) and Taq Track (Promega) kits. DNA templates for sequencing were prepared by progressive deletions of double-stranded template DNA with exonuclease 111 (BRL) (Henikoff, 1987) . Custom-synthesized oligonucleotides were used to prime the reactions and the sequence of the insert was analysed using GCG (Genetics Computer Group, 1991) and G E N E P R O version 6.10 (Riverside Scientific Enterprises). Searches for nucleotide and amino acid sequence similarities were done using the BLAST program (Altschul et al., 1990) in the EMBL database.
Construction and screening of a DNA library. The construction of the PstI genomic library of M. tuberculosis H37Rv in the suicide vector pEcoR252 was described previously (Nair & Steyn, 1991) . The library was screened by selection of transformed E. coli DK 1 cells on plates containing 0.1 O/ O (w/v) ethyl methane sulfonate (EMS).
Cloning of the truncated M. tuberculosis katG gene in pMALc2. The 1747 bp PstI fragment from the DNA library clone, pD3, was cloned into the PstI site of the expression vector, pMAL-c2 (New England Biolabs), to form pSMK3' (Fig. 1) . Use of this restriction endonuclease results in an in-frame fusion of the terminal third of the M. ttrbercufosis katG gene with the maltose-binding protein (MBP), encoded by malE.
During cloning, a construct was isolated which contained the 1747 bp insert in the opposite orientation to that in pSMK3'. This construct was designated pSMK3',,,,,,. The reading frame of the M. tu6erculosis kntG gene, with respect to the mafE gene, was altered using the following strategy. pSMK3' was digested with BamHI, which restricts the construct upstream of the insert. The resulting cohesive ends were removed by digestion with mung bean nuclease (Boehringer Mannheim) , and the blunt-ended, linear fragment was religated to form the construct pSMK3'a, in which the katG sequences are translated in frame 2. The construct pSMK3'b was made by digestion of pSMK3' with SalI, which digests the construct upstream of the insert, filling in of the resulting cohesive ends using T 4 DNA polymerase (Amersham DNA Blunting kit), and religation of the blunt-ended, linear fragment. In this construct, the katG sequences are translated in frame 3. Another construct, pSMKd, was made by digestion of the 1747 bp fragment with AluI and PstI, to generate a 961 bp fragment, containing the sequences downstream of the M .
tuberculosis katG gene. The fragment was cloned into the XmnI and PstI sites of pMAL-c2 to yield pSMKd ( Fig. 1) . The orientation and frame of the inserts of these constructs were confirmed by restriction analysis and sequencing over the junctions using the malE primer (New England Biolabs), which initiates sequence near the 3' end of the malE gene, and the pUC19 forward primer (Promega). PCR amplification and cloning of the complete katG gene in pMAL-c2. PCR amplification was performed (Saiki et al., 1988) using M . tuberculosis H37Rv genomic DNA (0.25 pg) as the template with the synthetic primers 5'-AATGaatTc CCCGAGCAACACCCA-3', and 5'-GGCAGtctaGATC-IP: 54.70.40.11
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AACCCC;AATCA-3', corresponding to the beginning and end of the k a t C gene, respectively. The lower-case nucleotides indicate mismatches and the underlined nucleotides represent the EcoK1 and XbaI sites, respectively. The template DNA was denatured by heating to 9.5 "C for S min. The temperature profile of the amplification was as follows: 30 s at 94 "C, 60 s at 60 "C and 90 s at 72 "C for 36 cycles, followed by further incubation at 72 "C for 5 min. Amplified PCR products were separated on a 1 '/o (w/v) agarose gel and visualized by ethidiiim bromide staining and UV illumination. The 2.2 kb band was excised from the gel, purified using a Geneclean kit (BiolOl) and cloned in the EcoRI and XhaI sites of pMAL-c2 to form pSMKA. A total of 1.1 kb of the insert was sequenced and was identical to the published M . tzcberculosis katC sequence. The 3 ' end of the katC gene was deleted from pSMKA by digestion with PstI, to release a 726 bp DNA fragment, followed by religation to form the construct pSMKS'. The Pstl fragment was also cloned into pMAL-c2, with the k~7 K in-frame with malE, to form pSMK3'" (Fig. 1 ).
SDSPAGE and imrnunoblot analysis of proteins. Stationaryphase cultures of E. coli LJM25.5 (katC; katE) transformants harbouring pSMKA, pSMKS', pSMK3' and pMAL-c2 were diluted 100-fold into 5 ml fresh 2YT medium containing ampicillin and incubated at 37 "C with aeration (orbital shaker, 1.50 r.p.m.). When the cultures reached an OD,,,,, of 0.4, 1 ml of each was removed and the cells harvested by centrifugation. The cell pellets were resuspended in 50 pl SDS-PAGE sample buffer (Laemmli, 1970) , and represented the uninduced control. II'TG (0.3 mM) was added to the remainder of the ciiltiire, and the cells were incubated for a further 2 h at 37 "C. These induced cells (1 ml) were harvested by centrifugation, and resuspended in 100 pl SDS-PAGE sample buffer. All samples were boiled for 5 min, loaded on a 12-5 '%, (w/v) SDS-polyacrylamide gel, and separated by electrophoresis at a constant current of 40 m A. Proteins were visualized by staining with Coomassie Brilliant Blue R-250.
For immunoblots, the proteins in unstained gels were transf e r red o n t o a 11 A in e r s h a m C -s ii p e r n it r o ce 1 1 u 1 o se me m b r a n e .
Blots were probed with the anti-MBP rabbit serum supplied by New England Biolabs, and anti-rabbit IgC conjugated to
per o x id a se ( P 0 I>) ( Boe h ringer Man n he i m ) . I m m u n o s t a i n i ng was performed using the Cheniiluminescence Blotting Substrate (POD) (Boehringer Mannheim).
Catalase and peroxidase activity assays. E . coli UM2S.5 (katC k'itE) cells harbouring the pMAL-c2 constructs were grown and induced with IPTG, as described above. The cells were collected by centrifugation, and resuspended in 500 pl 0.1 M potassium phosphate buffer (pH 7.0) and 500 p1 lysozyme (4 mg ml I ) . The cell suspensions were incubated at 37 "C for 60 min and frozen at -20 "C overnight. The extracts were thiiwed in ice-water, and the cellular debris was removed by centrifugation. The supernatants were recovered, and the pellets were suspended in 1 ml 0.1 M potassium phosphate buffer, pH 7.0. The protein concentrations of the supernatant and pellet fractions were determined using the Bio-Rad Protein Assay kit ~i n d BSA standards. Gel-staining catalase and peroxidase activity assays were performed by the methods of Mitomycin C sensitivity tests. IPTG-induced cultures (as described above) were diluted 10-fold in fresh medium and a sample was removed for plating. Mitomycin C (Merck) was added to a final concentration of 6 pg ml-' and the cells were incubated at 37 "C with shaking. Samples were removed at different time points, diluted in water and plated. Colonies were counted after overnight incubation at 37 "C and surviving fractions calculated as described for the UV sensitivity experiments. Preliminary experiments were performed to determine the appropriate dose of mitomycin C for use in the above experiments.
Hydrogen peroxide sensitivity tests. Hydrogen peroxide tests were carried out by the method of Demple et al. (1983) , as described for mitomycin C except that hydrogen peroxide was added to a final concentration of 1-6 mg ml-'. Results were processed in the same way as for the UV and mitomycin C experiments. Preliminary experiments were performed to determine the appropriate dose of hydrogen peroxide for use in the above experiments.
RESULTS

Isolation and sequencing of a clone that confers resistance to E M S upon E. coli DKI
A PstI genomic library of M. tuberculosis H37Rv in the suicide vector pEcoR2.52, a derivative of pEcoR251 (Zappe et al., 1986) , was screened for DNA-repair genes by selection of E . coli DK1 (recA) transformants on 0.1% (w/v) EMS. Two clones were isolated that were able to survive this treatment: one, encoding a putative recA gene, was described earlier (Nair & Steyn, 1991) and the other, designated pD3, is described here. T h e 1747 bp insert from pD3 was sequenced (GenBank accession number L14268) and found to contain three possible ORFs, one of which was truncated at the 5' end. A database search revealed that this O R F (241 amino acids) had 100% homology to the terminal portion of the M. tuberculosis katG gene and 55 YO to that of E. cofi at the nucleotide level. T h e two downstream ORFs encode putative proteins of 168 and 56 amino acids, with no defined function (Fig. 1) .
Fusion of katG with the MBP and overexpression in E. coli
In order to study this region of the M. tuberculosis katG gene further, the 1.7 kb insert from pD3 was cloned into the vector pMAL-c2 (New England Biolabs) with the pMAL-c2, pSMKA, pSMK5' and pSMK3' were separated on 7.5 YO (w/v) non-denaturing polyacrylamide gels. Catalase and peroxidase stains were performed as described in Methods. Each lane contained 70pg total protein. Lanes: 1 and 2, supernatant and pellet fractions from untransformed E. coli UM255; 3 and 4, the corresponding fractions from UM255(pMAL-c2); 5 and 6, corresponding fractions from UM255(pSMKA); 7 and 8, corresponding fractions from UM255(pSMK5'); 9 and 10, corresponding fractions from UM255(pSMK3'). E. coli UM255 is mutant in katE and katG and exhibits no native catalase or peroxidase activity. The only active fusion protein is that encoded by pSMKA.
truncated katG O R F in-frame with the MBP to form the construct pSMK3'. T h e complete katG gene was amplified by PCR using primers homologous to the 5' and 3' ends of the published sequence (GenBank/EMBL accession number X68081) and was also cloned in-frame with the MBP in pMAL-c2 to form the construct pSMKA. A third construct, pSMKS', was made by deleting the 726 bp PstI fragment at the 3' end of the gene from pSMKA (Fig. 1) (Fig. 2a) . T h e fusion proteins encoded by pSMK3', pSMK5' and pSMKA were designated MBP-KatG3', MBP-KatG.5' and MBP-KatGAll, respectively. These proteins had relative mobilities of 68 kDa (MBP-KatG3'), 99 kDa (MBP-KatG5') and 125 kDa (MBP-KatGAll), as predicted. T h e two larger fusion proteins, however, appeared predominantly PMAL-cZ; ., pSMKA; 0, pSMK5'; 0, pSMK3'; A, MC1060; A, and 3240 or codons 400 and 420 (numbered with respect to the published sequence, X68081), which lie 226-286 nucleotides upstream of the PstI site, and are predicted to contain the cleavage site. This suggests that the harbouring a construct after 6 J mP2 (UV) or 12 min (mitomycin C and hydrogen peroxide) exposure, divided by the surviving fraction of the control culture, pMAL-c2 ( c ) , after the same respective treatment. T h e relative survivals were calculated from the mean values of three experiments.
cleavage site was not introduced by an error in the coding sequence during the PCR amplification. The presence of cleavage products of the M. tuberculosis KatG has been noted by Johnsson et al. (1997) and Heym et al. (1997) . In addition, proteolytic cleavage has been observed in the native catalase isolated from rat liver (Robbi & Lazarow, 1978; Crane et al., 1982) . Gelstaining catalase and peroxidase assays (Fig. 3) showed that only the fusion containing the whole KatG protein was active. This agrees with the results of Zhang et al. (1992) , who demonstrated that deletion of the 3' end of the gene results in loss of enzyme activity. Activity therefore requires both domains of the protein and appears not to be affected by the presence of the MBP.
UV sensitivities of E. coli DNA-repair mutants carrying the katG constructs
Four repair-deficient, UV-sensitive E. coli strains, DK1, AB1884, AB188.5 and AB1886, were used to test the effect of the KatG constructs. E. coli MC1060, the parent strain of DK1, and E. coli AB11.57, the parent strain of AB1884, AB188.S and AB1886, were included as controls (Table 1 ). The repair-deficient E . coli strains harbouring the constructs pSMKA, pSMK.5' and pSMK3' and the vector pMAL-c2 were examined for their ability to survive exposure to short-wavelength (254 nm) UV irradiation (Fig. 4a, Table 2 ). The surviving fraction of cells at a UV dose of 6 J mP2 was selected for comparative analysis. The parent E. coli strains MC1060 and AB1157 showed < 1 % killing at the UV doses used due to the presence of efficient DNA-repair systems. E. coli DKl(pMAL-c2) had a similar UV survival curve to that of untransformed E. coli DK1 (not shown). When E. coli DK1 was transformed with pSMKA or pSMKS', the cells exhibited a >200-fold increase in survival at the highest UV dose used (6 J m-2) (Fig. 4a, Table 2 ). A similar effect was observed with E. coli DKl(pSMK3'), with an increase in survival of 108-fold. The presence of the katG constructs, therefore, increased the UV resistance of the cells, although not to wild-type levels. From the E. coli AB1886 survival curves (Fig. 4b) and the values for AB1884 and AB1885 in Table 2 , it is evident that none of the katG constructs conferred any resistance to UV upon the excision-repair mutants.
UV sensitivities of constructs containing various regions of pSMK3'
T o determine whether the protective effects observed with the pSMK3' construct were due to the presence of the M. tuberculosis katG, or sequences downstream of the gene, E. coli DK1 cells harbouring the pSMK3' derivatives, pSMK3'*, pSMK3'a, pSMK3'b, P S M K~' ?~~ and pSMKd, were tested for their ability to survive exposure to short -w a veleng t h UV irradiation. p S M K3 '"-contains only the katG portion of pSMK3', and no downstream sequences ; pSMK3'a and pSMK3'b have bases either removed or added to change the frame of the insert with respect to the MBP ; pSMK3',,, contains the 1747 bp insert in the opposite orientation to that in pSMK3'; and pSMKd contains the region downstream of the katG gene (Fig. 1) . Only the constructs pSMK3' and pSMK3'" express the MBP-KatG3' fusion protein and they alone conferred resistance to UV irradiation upon the E. coli DK1 cells (Fig. 5 ) . This property is independent of the presence of the downstream sequences.
Mitomycin C sensitivities of E. coli DNA-repair mutants transformed with the katG constructs
The transformants were tested for their ability to survive exposure to mitomycin C (6 pg m1-l) for various time periods. Representative survival curves are shown in Fig. 4(c, d) and the results are summarized in Table 2 . The parent E. coli strains MC1060 and AB1157 showed < 10 % killing at the exposure times used. The DK1 cells containing pSMKA, pSMK5' and pSMK3' survived mitomycin C treatment better than those harbouring vector alone (9-, 23-, and 2.5-fold increases in survival, respectively, relative to the control). In E. coli AB1886, all the katG constructs conferred increased resistance to mitomycin C (Fig. 4d, Table 2 ). In the other excisionrepair mutants (AB1885 and AB1884) carrying the katG constructs, increased resistance to mitomycin C was also observed, but to a lesser extent (Table 2 ).
Hydrogen peroxide sensitivities of E. coli DNA-repair mutants transformed with the katG constructs
The transformants were tested for their ability to survive exposure to hydrogen peroxide (1-6 mg ml-') for various time periods. E. coli DK1 cells carrying pSMK3' appeared to be as sensitive to the oxidizing agent as those harbouring the vector alone, while the presence of pSMK5' and pSMKA increased the relative survival of the cells by 20-to 31-fold respectively, after 12 min exposure (Fig. 4e, Table 2 ). In the E. coli excision-repair mutants, no significant increase in resistance to hydrogen peroxide was conferred by the presence of any of the constructs (Fig. 4f, Table 2 ). These mutations map in the 5' region of the katG gene as defined in the constructs used in this study. The mutation in codon 315 results in a 50% reduction in enzyme activity (Rouse et al., 1996) , while the mutation in codon 463 has no significant effect on activity (Rouse et al., 1996; Johnsson et al., 1997) . M . tuberculosis 34 has a complete deletion of the katG gene. The katG and katG+ M . intracellulare strains exhibited no differences in their sensitivity to UV (Fig. 6a) mutation in codons 463 and 315 of katG (Fig. 6b) It is also possible that the protective effects observed in these experiments are due predominantly to the cleavage products. This would explain why cells harbouring pSMKA and pSMKS' exhibit similar levels of resistance to the various DNA-damaging agents.
T h e results reported here suggest a novel, as yet undefined, activity of the M . tuberculosis enzyme. A possible explanation for the activity being encoded in both domains is the putative duplication of the katG gene. T h e N-and C-terminal sequences are similar, and it has been suggested that the C-terminal region arose from a gene-duplication event (Welinder, 1991 (Welinder, , 1992 . Another possible explanation is that the effect of the protein on the sensitivity of cells to UV is due to chelating o f the intracellular iron, since both the 5' and 3' portions of KatG contain contact sites for haem. I t was found that the presence of both domains did not have an additive effect, since mutants harbouring pSMKA generally exhibited similar resistance to those harbouring pSMKS'. However, since all the constructs were present in the cells on multicopy plasmids with gene expression from a strong promoter, the additive effects of both domains may not have been revealed.
Why would M . tuberculosis have evolved an additional KatG activity involved in DNA repair? M. tuberculosis has some unusual features with respect to DNA repair and oxidative stress mechanisms (Davis et al., 1991 (Davis et al., , 1994 Deretic et al., 1995; Sherman et al., 1995; Dhandayuthapani et al., 1996) , and it is possible that it has evolved this activity in order to compensate for these shown to overexpress AhpC due to mutations in the promoter region of the ahpC gene (Heym et al., 1997) .
The increased expression of this protein may compensate for the lack of KatG in this strain. The mycobacterial UV experiments were all performed using repair-competent hosts that exhibit a high natural resistance to UV irradiation. Any effects of katG on the UV sensitivities of these strains may, therefore, be masked. Investigation of the role of katG in DNA repair in the mycobacteria will, therefore, require complementation studies with the gene in isogenic repair-deficient mycobacterial hosts. The recent advances in the construction of defined mutants of both the rapidly growing mycobacteria and organisms of the M. tu6erculosis complex should facilitate this kind of study in the future.
